Other factors besides the age of the host determine the development of either neoplastic or non-neoplastic lesions. One of them is concerned with the quantity or quality of the virus so that larger amounts of virus or a given sample of a more active virus will induce necrotizing preferably to neoplastic lesions. Still another factor is concerned with inherent properties of the infected tissue which will react differently to the virus. Thus, the chorio-allantoic membrane may develop tumors while the embryo does not. Also, the distribution in the chick or the duckling of either tumors or hemorrhagic lesions is characteristically different for each organ. As best illustrating the point, one can name the lung and spleen as the organs most frequently developing tumors and hemorrhagic lesions respectively.
Although tumors of the central nervous system are known to occur in chickens,' -"' and although it is known that these hosts react to the intracranial inoculation of The lesions in the central nervous system of ducks. The ducklings showing such lesions were injected with tumor materials at the age of from 1 to 7 days, and they died from 9 to 22 days thereafter. The lesions were first observed at the 3rd tumor passage and then frequently, in the following passages, in ducks that died at or before the age of 23 days; never in birds that died at an older age. Without exception, all the ducks with lesions in the central nervous system also showed a widespread hemorrhagic and neoplastic disease in viscera and other locations. No symptoms attributable to the involvement of the nervous tissue were detected in the diseased ducks.
The lesions in the central nervous system were in the gross always hemorrhagic. They consisted of blebs, some barely visible to the naked eye, some others measuring several millimeters in diameters, and often neatlv seen as sprouting from the vessels which appeared distended or thrombosed.
In only one case a large blood clot was present underneath the brain. The lesions were observed in all intracranial locations but not in the spinal cord, although the latter organ was not systematically examined ( Figs. 1 and 2 ).
This part of our study is based on material from 33 ducks. In 19 of these the lesions were the result of generalization from primary breast tumors induced by cell suspensions; in the remaining 14 the lesions developed after intravenous injection of tumor filtrates. Sections were taken from portions of tissue in all cases, but in 6 of the ducks serial sections were taken from half of the brain and other intracranial structures. Thus, more than 1500 sections, stained by the hematoxylin-eosin method, were examined, plus another 200 from normal ducklings for comparison.
Microscopically, both in the nervous matter and the meninges, hemorrhage was most conspicuously and frequently observed. It ranged in severity from lesions consisting of a few red cells around a minute vessel to large masses of blood which compressed the surrounding nervous tissue. Frequently no changes were observed in the vessel wall ( Fig. 3 ) except in the site where it ruptured.
In other cases, however, swelling and proliferation of the endothelium, which could lead to partial or total occlusion of the lumen, were observed especially in small vessels, while in the larger vessels adventitial proliferation was more common (Figs. 4 and 5) . Images were present suggesting that the vessel walls, whether or not they show proliferation, can undergo necrosis. In the larger vessels this necrosis was not of a massive type but consisted of cells in different stages of disaggregation imbedded in a hyaline matrix especially abundant in the middle vessel layers. In smaller vessels the whole wall showed hyaline degeneration with only a few pyknotic nuclei being recognizable here and there (Figs. 6, 7, 8) .
Probably representing a further stage in the evolution of the proliferative lesions just described, clusters of cells were observed as evolving from the endothelium ( Fig. 9 ) and appearing occasionally as emboli (Fig. 10 ). Generally these cell masses remained within the boundaries of the vessel; only on one occasion were they observed outside the vessel wall. Close examination of the cells composing these clusters revealed, in a few cases, a striking resemblance to the cells from the 14(d)7 sarcomas growing in viscera or developing in the meningeal vessels after intracranial injection of virus. However, these growths in the central nervous system never became any larger than as described so that a diagnosis of sarcoma could never be established with certainty.
Of all the lesions studied those in which only hemorrhage was observed were the most common, and those showing the sarcomatous-like foci of proliferation were the most rare. No relation could be established between the age of the ducks at death and the occurrence of one type or another of lesions. However, it can be affirmed that the ducks injected at the age of one day never showed the sarcomatous-like lesions.
No special effort was made to study alterations in the nervous tissue proper, our interest being mainly focused on the vascular lesions. However, it was quite plain that lesions in the former tissue were present either in the form of diffuse or circumscribed necrosis or in the form of neuroglial stimulation. Whether these lesions were the result of a direct virus effect or secondary to the hemorrhagic lesions one cannot tell.
In 8 cases where the ducks showed lesions in the central nervous system, extracts at 1 :20 of this tissue were obtained and each was injected at the amount of 1 cc. into the breast of two ducklings. Tumors, which often became generalized in their distribution, developed in the birds injected with material from 7 of the cases. The extract from the brain in the 8th case proved to be inactive. This particular duck showed minimal lesions. The tests were repeated employing the nervous tissue of 3 ducklings which showed generalized gross lesions but none in the central nervous system, although no microscopic examination was carried out. The results were that one of the extracts induced tumors, but the other two extracts were inactive.
The lesions in other tissues of ducks. Complementing these observations we studied in serial sections the hemorrhagic blebs which, together with gross tumors, were present in the viscera of some of the ducklings which also showed lesions in the central nervous system. Here, either hemorrhagic lesions, these lesions combined with typical sarcomas, or the latter alone were observed, but endothelial and adventitial proliferation, such as found in the vessels of the central nervous system, was either absent or was negligible in degree, as if the cells reacted to the virus in only the two extreme forms of either destruction or frank malignancy. Nor were the lesions of general thickening of the vessels (followed or not by necrosis) observed in the viscera. Also, the sarcomas in these visceral vessels were observed rapidly invading the neighboring tissues and not limited within the vessel boundaries as in the nervous tissue. In fact, in many of the larger tumors it was no longer possible to trace their origin to cells in the vessels.
The lesions in chicks injected with the duck variant 14(d)7. As previously stated, sarcoma 14(d)7, despite its adaptation to ducks, retains its power to infect chickens. In view of the lesions observed in the central nervous system of ducklings, many chicks, that had been inoculated with the tumor materials either in the breast or intravenously and showed widespread lesions, were studied with the view of ascertaining whether gross lesions, hemorrhagic or neoplastic, were also to be found in their central nervous system. In no case were such lesions found. Microscopic study was carried out only in a few cases, again with negative results.
The intracerebral injection of ducks with tumor viruses. These tests were obviously indispensable for a better understanding of the facts so far described. Eight experiments in all were carried out with the variant 14(d)7 in ducks. In 7 of them amounts of filtrate ranging from 0.1 cc. to 0.4 cc. were injected intracerebrally into a total of 18 ducks from 1 to 25 days of age, the dose of filtrate being in relation to the age of the duck. Twelve of the birds died from 8 to 27 days while the rest were killed later. Tumors in the skull or the scalp developed in 6 of the birds, but in no case were growths observed in the intracranial structures except, in one case, a minute sarcoma in the meninges. However, in all cases congestion of the vessels was present, occasionally accompanied by hemorrhage and endo-thelial proliferation, but the latter lesions were minimal and far less typical than when the virus reached the central nervous system from the blood. Generalization in viscera or other tissues was never observed. The brains of 2 of the ducks injected intracerebrally were tested for the presence of virus. The birds had died 18 and 25 days before and one of them had a tumor in the skull. Extracts at 1:20 of each of the brains were injected at the amount of 0.5 cc. into 6 ducks. No tumors ever developed.
However, results were different in the 8th experiment. Here 13 ducks, aged from 1 to 4 weeks, were injected with filtrate at doses of 2 cc. for the birds 1 and 2 weeks old, and of 3 and 4 cc. for ducks 3 and 4 weeks old. Surprisingly enough the birds tolerated without obvious immediate ill effects such large amounts of inoculum. The birds died from 13 to 19 days after the injection. In 4 of them clear signs of tumor growth were detected in the meninges, in 1 of them in the form of a rim of tissue grossly visible; in the others as growths around vessels only detectable microscopically. These growths were always accompanied by hemorrhage and, in 2 cases, were strongly infiltrated by myeloid cells. In one case the tumor growth was seen following the course of vessels in a brain fissure, and from these vessels possibly infiltrating the nervous tissue. Also, thickening of the walls of many vessels such as described in the foregoing section was present in this duck. In another 4 ducks there were hemorrhage and thickening of the meninges without detectable tumor growth.
In another 5 ducks ordinary sarcomas developed in the skull, without invading the intracranial structures. In one of them a meningeal growth was present, but without any visible connection with the skull tumor.
Generalization in viscera was observed in 8 of the ducks that showed lesions in the skull or meninges. They consisted of sarcomas or hemorrhagic lesions without any special feature worth mentioning.
In still another experiment each of 12 ducks 1 day old were injected intracerebrally with filtrate from Rous chicken sarcoma at amounts of 0.1 and 0.2 cc. No lesions whatsoever developed.
The intracerebral injection of chicks with the Rous sarcoma virus. In parallel experiments to those just described a first group of 7 chicks, 2 and 7 days old, were injected intracerebrally with 0.1 cc. of a filtrate of the Rous sarcoma virus. Five of the six birds that responded to the inoculation died in from 16 to 25 days thereafter without any gross signs of involvement of either the central nervous system or the skull and skin. Yet, every one of these birds showed in viscera and other tissues the generalized hemorrhagic and neoplastic lesions such as are commonly found following a primary tumor. In fact, microscopic examination of the nervous tissues showed that such primary tumors did exist in the form of sarcomatous growths developed from the blood vessels. The sixth chick showed in the skull a tumor 0.5 cm. in diameter which frankly invaded the brain.
Extracts at 1:10 of the brain of 3 of the chicks were obtained and each of them was injected either intracerebrally in the amount of 0.1 cc., into 4 chicks, or intramuscularly into the breast of another 4 chicks in the amount of 0.5 cc. From the brains of the chicks injected intracerebrally that died, another group of chicks was inoculated as above and the passages from brain to brain were thus continued, testing at each passage the brain material by intramuscular injection. Several tumor lines were thus obtained, one of them being carried through 5 passages. Results were always the same: in most cases development, in the chicks injected intracerebrally, of microscopic sarcomatous growths in the brain followed by generalization; in a few cases, development in the skull of gross tumors invading the nervous tissue.
Microscopically, in their earliest stages the sarcomatous growths were often observed in association with blood vessels, notably their outer layers. Progression of the growths was following the easiest path along the adventitia of vessels in the sulci and fissures, much as described by Vazquez-Lopez in older chickens.' Sometimes, though, masses of tumor cells were observed surrounded by nervous tissue indicating a direct invasion of the latter tissue (Figs. 11 and 12 ). No lymphocytic reaction was observed. Often there was thickening of vessels, mostly as a result of adventitial proliferation, while lesions of the endothelium generally consisted of desquamation and swelling. The staining methods followed preclude any statement as to whether alterations of the neuroglia and microglia, such as described by Vazquez-Lopez,' were present or not.
The Rous virus did not seem to change by the brain passages since the injection of extracts of the brain sarcomas into the breast of chicks resulted in the development of the disease usually induced by the ordinary sarcoma virus. Discussion The first point of interest in the present investigation is that a tumor virus, that of the Rous sarcoma, when circulating in the blood, never induces lesions in the central nervous system of chickens of any age, but is capable of doing so, in young hosts, after a process of variation and adaptation to another species, the duck. The varied virus can then be compared to other viruses, such as those of the Eastern and Western encephalitis, which affect the central nervous system exclusively or preferably in young animals. Yet, one would hesitate to call the duck virus neurotropic if this expression conveys the idea of an effect on the nervous tissue proper because, as far as our study goes, only the vascular system was observed as being directly affected by the virus. Possibly strengthening this view is the fact that intracranial injections of the duck virus were little effective in ducklings, large amounts of virus being needed to induce lesions (mostly sarcomas) which developed in the meninges. Conceivably, in this way of inoculation the virus gained access to much fewer vessels than when it infects the nervous tissue from the blood stream. Contrasting with this, the virus of the original Rous virus never induced lesions of the central nervous system of chicks when circulating in the blood, but it did almost constantly induce tumors in the meninges and vessels when injected intracerebrally.
Two more facts deserve mention in this connection. One is that the chick, a host susceptible to variant 14(d)7, never showed lesions in the central nervous system after intravenous injection or as a generalization of primary tumors induced by this'variant. The other is that ducklings proved to be entirely resistant to the intracranial injection of the original Rous sarcoma virus. All this emphasizes the subtleness of the process of virus variation manifested by the different reactions of the same tissue to different virus variants injected by different routes.
The second point of interest in our study concerns the analogies between some of the vascular lesions induced by duck tumor virus in the central nervous system of ducklings and the lesions induced in the same structures by so many ordinary viruses.1'"' 14 The analogies are unusually striking with the lesions in the central nervous system described by Green et al.1 in fox encephalitis. This is especially true considering that in the latter disease the nerve cells do not appear to be directly involved, the most consistent lesions being those of the vascular endothelium; also, in that hemorrhage was commonly found in many locations other than the brain. All this emphasizes once more that the hemorrhagic lesions induced by tumor viruses are the result of a direct attack on the vascular cells by the virus and are not an indirect effect of tumor growth." ' One naturally wonders what the evolution of these lesions would have been had the host lived long enough. Possibly some of the endothelial proliferations would have become progressively growing sarcomas like those developing in the viscera. On the other hand some of the thickened vessels also showed necrotic phenomena specially in the medial layer. It may be that endothelial and adventitial stimulation followed that initial medial necrosis, but as in some cases massive necrosis was observed, one must consider the possibility that the stimulated intimal and adventitial cells, in turn, underwent necrosis at a later phase. Then, the "cancer" virus would have behaved like so many ordinary viruses which destroy the infected cells after an initial stimulation.
In conclusion, it has been shown that in a young host the lesions induced by a "cancer" virus in a particular tissue, the vessels of the central nervous system, are morphologically similar to and may have followed the same course as the lesions induced by several ordinary viruses in the same tissue. When the host has grown older and consequently more resistant, then no lesions of any type develop in this tissue, although they may in others.
Summary
The virus of a duck variant of the Rous sarcoma of chickens, strain 14(d)7, was found to be endowed with the property, unique in tumor viruses, of inducing lesions in the vessels of the central nervous system of young ducks-never in older individuals-when circulating in the blood stream. This contrasts with the behavior of the original Rous virus which never affects the central nervous system under the same conditions.
Grossly, these lesions in ducklings were always hemorrhagic. Microscopically, some of them showed in addition to hemorrhage pronounced changes in the vessel walls consisting of medial necrosis together with intimal and adventitial proliferation or massive necrosis of the entire wall, the whole process being very similar to that observed in infection by ordinary viruses. On the other hand, a few of the proliferative lesions evolved into a minute foci consisting of cells very much resembling sarcoma cells.
The virus of the duck variant injected intracranially into ducklings induced only minimal vascular lesions; by considerably increasing the amount of the inoculum it sometimes induced sarcomas in the meninges, mostly arising from vessels. In contrast with this, the original Rous virus similarly injected into chicks induced sarcomas almost constantly.
